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White  matter  abnormalities  in  the  brains  of  autism  spectrum  disorder  (ASD)  patients  have  been  heavily 
documented.  Most  of  these  data  have  been  produced  using  imaging  techniques  that  reveal  decreased 
structural  integrity  within  the  white  matter  of  ASD  brains1-5.  It  is  still  unknown  what  mechanism  is  responsible 
for  this  gross  anatomical  pathology.  In  the  past,  ASD  has  been  considered  a  dysfunction  of  neurons  and  their 
connections.  However  based  on  findings  from  our  lab  and  others,  the  most  abundant  white  matter  cell  type, 
glia,  could  contribute  to  these  white  matter  abnormalities.  Glia  cells  provide  functional  support  to  neurons, 
facilitating  electrical  conduction  along  neuronal  axons  and  promoting  general  neuronal  health.  Due  to  these 
essential  functions  of  glial  cells  in  neuronal  function,  it  is  feasible  that  glia  could  contribute,  either  primarily  or 
secondarily,  to  ASD  pathology.  There  are  reported  changes  in  white  matter  glial  cell  structure  and  cell  marker 
expression  in  ASD6-8.  This  project  focuses  on  examining  ASD  white  matter  pathology  at  a  cellular  level.  A 
combination  of  laser  capture  microdissection  (LCM)  and  global  transcriptional  analysis  will  be  used  to  study 
both  white  matter  astrocyte  and  oligodendrocyte  populations  in  the  anterior  cingulate  cortex,  the  two  principal 
cell  types  in  white  matter.  Gene  expression  differences  within  these  cell  populations  will  be  compared  between 
ASD  and  developmental^  normal  control  brains  in  order  to  elucidate  a  molecular  and  cellular  basis  of  white 
matter  pathology  in  ASD. 


Body 

After  receiving  this  award,  the  Arcturus  Veritas  LCM  instrument  that  was  to  be  used  for  cell  capture 
became  nonfunctional.  This  machine  works  based  on  a  technology  that  adheres  tissue  to  a  polymer-coated 
cap  using  an  infrared  laser.  If  the  machine  loses  the  ability  to  correctly  place  the  cap  or  fire  the  laser,  sample 
capture  is  not  possible.  Both  of  these  instrument  errors  occurred.  Since  the  instrument  was  still  under  a 
service  contract,  the  company  made  several  attempts  to  repair  the  instrument  including  a  complete  overhaul  of 
the  system.  Based  on  lack  of  service  support  for  an  instrument  that  is  no  longer  sold,  the  company  was  unable 
to  restore  the  machine  to  working  order.  The  determination  that  the  Arcturus  Veritas  machine  could  not  be 
repaired  was  made  several  months  following  the  awarding  of  this  grant. 

In  efforts  to  reduce  downtime,  we  immediately  started  the  process  of  purchasing  a  new  LCM 
instrument.  Based  on  available  purchasing  funds,  we  wished  to  move  away  from  LCM  cap-based  technology 
because  of  the  added  expense  of  consumables  for  this  method  of  LCM.  Our  university  selected  the  Leica 
LMD6500  instrument  for  purchase,  primarily  based  on  their  claims  that  this  instrument  could  be  used  for 
downstream  gene  expression  research.  Leica  assured  us  that  the  instrument  was  superior  and  capable  of 
providing  quality  RNA  following  cell  capture.  Following  purchasing  and  delivery  delays,  the  LMD6500 
instrument  was  installed  on  May  8,  2013.  Once  the  instrument  was  installed,  we  immediately  starting 
performing  validation  experiments  to  determine  the  suitability  of  this  instrument  for  RNA  analysis.  Between 
May  and  September,  we  worked  closely  with  the  company  to  get  the  machine  in  full  working  order.  There  were 
several  pieces  of  equipment  on  the  new  instrument  that  had  to  be  replaced,  which  resulted  in  multiple  service 
visits  to  repair  the  machine.  The  new  software  system  on  the  instrument  also  posed  problems  thus  hindering 
the  ability  to  capture  samples.  The  machine  was  nonfunctional  for  roughly  half  of  this  five-month  period.  The 
machine  is  still  experiencing  both  hardware  and  software  problems. 

However  during  this  time,  we  were  able  to  perform  enough  experiments  to  determine  if  the  LMD6500 
instrument  was  capable  of  producing  captured  samples  with  high  RNA  integrity.  RNA  was  isolated  from 
captured  tissue  samples  and  analyzed  using  the  Bioanalyzer  Pico  6000  RNA  chips  (Agilent  Technology)  to 
determine  both  RNA  quality  and  quantity.  Acceptable  RNA  quality  is  defined  as  a  RNA  Integrity  Number  (RIN) 
of  5.0  or  greater.  This  is  the  minimum  requirement  for  our  downstream  RNA  amplification  process,  and  it  is 
imperative  that  this  RIN  threshold  is  met.  Due  to  the  limited  amount  of  sample  that  can  be  obtained  from  LCM, 
RNA  amplification  is  an  unavoidable  preparation  step  in  the  transcriptional  analysis  outline  in  this  grant.  As  a 
result,  RIN  quality  must  be  as  high  as  possible  to  reduce  the  likelihood  of  experimental  artifacts  in  downstream 
applications  from  possibly  degraded  LCM  samples.  Studies  show  that  RNA  degradation  can  alter  results  by 
producing  false  changes  in  gene  expression  analysis9-11.  To  date,  we  have  been  unable  to  reliably  produce 
captured  samples  with  acceptable  RNA  quality  using  the  LMD6500  instrument.  In  order  to  rule  out  RNA 
degradation  due  to  tissue  and  sample  preparation,  studies  were  performed  using  different  slides  types, 
collection  methods,  tissue  types,  staining  protocols,  laser  firing  approaches,  and  RNA  isolation  kits.  Based  on 
our  results,  these  preparation  steps  produced  no  difference  in  the  RIN  obtained  from  samples  captured  using 
the  Leica  LMD6500  instrument.  In  fact,  after  detailed  analysis,  we  concluded  that  this  instrument  destroys 
RNA  quality  and  that  the  use  of  the  instrument’s  UV  laser  and  its  movement  is  the  causal  factor. 
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Arrangements  were  then  made  to  complete  the  grant  using  the  facilities  and  equipment  at  David  H. 
Murdock  Research  Institute  (DHMRI)  in  Kannapolis,  NC.  The  DHMRI  employs  experts  in  the  field  of  laser 
capture  microdissection  and  transcriptional  analysis.  This  research  facility  has  a  Zeiss  Palm  Microbeam  laser 
capture  instrument  as  well  as  all  the  resources  need  to  complete  the  transcriptional  analysis  outlined  in  this 
grant.  DHMRI  made  the  Palm  instrument  available  to  us  on  a  fee-for-service  basis.  We  considered  this  a 
possible  alternative  because  the  UV  laser  on  the  Palm  system  is  lower  energy  and  the  laser  cutting  movement 
is  guided  by  a  different  engineering  technology  than  the  UV  beam  on  the  Leica  system.  Work  began 
immediately  to  validate  the  Zeiss  Palm  LCM  system  for  RNA  analysis.  Various  samples  were  collected  to  test 
the  quality  of  post-capture  samples.  After  analyzing  the  samples  using  the  Agilent  Bioanalyzer,  it  was 
concluded  that  a  RIN  of  5.0  or  greater  could  not  be  achieved  using  this  laser  capture  technology. 

Based  on  the  data  produced  from  the  Leica  LMD6500  and  Zeiss  Palm  Microbeam  instruments,  we 
concluded  that  instruments  that  focus  the  UV  cutting  laser  through  the  microscope  objective  will  not  produce 
reliably  high  quality  RNA.  The  reasons  why  are  not  fully  understood,  but  it  is  possible  that  microscopic 
irregularities  within  the  objective  lens  of  these  instruments  may  disperse  the  UV  radiation  and  that  would  result 
in  RNA  damage.  Based  on  this  conclusion,  our  university  has  ordered  an  Arcturus  XT  LCM  instrument.  This 
instrument  is  an  updated  version  of  the  Veritas  model  that  we  have  utilized  in  the  past  to  generate  all  the  LCM 
data  published  from  our  lab12,13.  Again,  this  instrument  uses  an  infrared  laser  and  we  have  previously 
confirmed  that  this  method  of  cell  capture  does  not  damage  RNA  quality.  Hence,  despite  our  attempts  to  move 
away  from  cap-based  LCM  technology  because  of  the  cost  of  consumables  needed  for  this  capture  method, 
we  have  determined  Arcturus  instruments  are  the  only  instruments  that  can  provide  reliable  RNA  quality  using 
the  LCM  methods  outlined  in  our  Statement  of  Work.  We  have  used  instruments  from  this  company,  including 
the  XT  model,  for  over  five  years  to  produce  multiple  publications.  Other  researchers  at  our  university  have 
also  utilized  this  machine  to  conduct  microarray  and  next  generation  sequencing  studies  on  frozen  human 
tissue.  Based  on  our  past  history  with  this  brand  of  instrument,  we  feel  positive  that  the  work  outlined  in  this 
proposal  can  be  completed  in  a  timely  fashion  once  we  have  access  to  this  instrument  (anticipated  to  be  in  the 
first  two  weeks  of  October). 

Despite  delays  in  laser  capture,  we  were  able  to  use  that  time  to  ensure  that  sample  preparation  steps 
such  as  tissue  staining  and  RNA  isolation  provided  adequate  amounts  of  high  quality  RNA  for  downstream 
applications.  These  experiments  were  necessary  since  high  RNA  integrity  is  of  the  upmost  importance  for  the 
analysis  outline  in  this  grant.  Most  of  these  experiments  went  into  validating  our  RNA  amplification  protocol. 
The  RNA  amplification  step  in  sample  preparation  is  a  sensitive  process  that  could  introduce  experimental 
artifact  if  not  performed  correctly  or  tailored  to  specific  biological  samples.  Experiments  were  performed  using 
both  commercially  available  kits  and  LCM  specialized  protocols  to  determine  the  most  effective  and  reliable 
method  for  RNA  amplification.  The  first  strand  synthesis  step  of  RNA  amplification  is  crucial  since  it  creates 
the  basic  template  for  amplification.  Most  methods  are  based  on  a  3’  bias  selection  for  this  step  of 
amplification.  This  selection  technique  is  beneficial  for  reducing  other  RNA  species  such  as  rRNA  and  tRNA 
from  the  sample  prior  to  mass  amplification.  This  selection  reduces  potential  bias  toward  more  abundant 
RNAs  since  mRNA  and  non-coding  RNA  are  significantly  outnumbered  by  other  RNA  species  in  the  samples. 
For  sample  collected  from  LCM,  this  3’  bias  could  reduce  fidelity  in  amplification.  Using  frozen  human  tissue 
for  these  studies  means  that  less  that  optimal  RNA  quality  is  never  achieved  because  of  decay  that  occurs 
during  the  brain  collection  process.  A  3’  bias  selection  could  inadvertently  exclude  mRNAs  that  are  susceptible 
to  3’  degradation.  Unlike  other  kits  available  on  the  market,  the  NuGEN  amplification  kits  create  a  first  strand 
using  3’  and  random  primers  giving  better  transcriptome  coverage  and  reducing  potential  bias.  This  feature 
makes  the  kits  ideal  for  LCM  samples  based  on  its  tolerance  for  less  than  optimal  RNA  integrity  and  a  small 
RNA  input  requirement  of  500  picograms.  These  kits  provide  robust  amplification  typically  resulting  in 
microgram  amounts  of  RNA  from  very  little  template  input.  After  the  completion  of  NuGEN’s  innovative  short 
protocol  that  requires  very  little  hands-on  time,  enough  RNA  is  produced  to  use  in  any  downstream  analysis. 

Key  Research  Accomplishments 

•  We  performed  validation  tests  on  multiple  LCM  instruments  to  ensure  the  machine  could  produce 
reliable  data.  This  is  performed  to  assure  successful  capture  of  specific  cells  and  to  demonstrate  that 
high  RNA  quality  could  be  extracted.  We  concluded  that  the  Arcturus  LCM  technology  with  infrared 
laser  capture  is  the  only  method  that  can  be  used  to  ensure  sample  integrity  following  the  LCM  protocol 
we  have  outline  in  this  grant.  This  instrument  has  previously  been  tested  and  validated  by  our  lab  for 
its  ability  to  produce  sample  of  high  RNA  integrity  for  downstream  analysis. 
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•  We  performed  optimization  experiments  to  ensure  that  sample  preparation  protocols  supported  RNA 
work  by  maintaining  sample  integrity  during  sample  processing. 

•  We  tested  multiple  RNA  amplification  methods  to  determine  the  most  suitable  for  LCM  sample 
preparation.  Results  conclude  that  the  commercially  available  NuGEN  amplification  kits  are  the  most 
reliable  for  producing  amplified  RNA  with  high  fidelity  to  the  original  starting  sample. 

Reportable  Outcomes 

Based  on  the  timeline  established  for  this  grant,  no  reportable  outcomes  were  expected  in  the  first  year. 
Due  to  the  time  intensive  method  of  collecting  samples  using  LCM  technology,  the  approved  statement  of  work 
outlined  the  first  year  to  be  predominately  dedicated  to  cell  capture.  Reportable  data  from  transcriptional 
analysis  was  not  expected  until  year  two. 


Conclusion 

This  annual  report  outlines  the  problems  we  have  faced  in  using  laser  capture  to  perform  the  work 
proposed  in  this  grant.  This  instrument  is  an  essential  cornerstone  of  this  project,  and  we  have  gone  to  great 
pains  to  make  sure  we  the  LCM  instrument  can  produce  reliable  data  based  on  high  quality  of  isolated  RNA. 
While  validating  the  machines  mentioned  above,  detailed  experiments  were  also  carried  out  to  ensure  that  all 
experimental  protocols  were  sufficiently  optimized  so  there  would  be  no  further  delays  in  completing  this  work 
A  new  Arcturus  XT  laser  capture  instrument  that  uses  infrared  laser  technology  has  been  purchased  and  will 
be  installed  at  our  university  within  the  first  two  weeks  of  October.  Because  we  have  already  validated  this 
instrument  for  RNA  work,  sample  collection  can  begin  immediately  upon  its  arrival.  Since  we  are  familiar  with 
the  technology  and  are  already  set  up  for  capture  on  this  machine,  there  will  be  no  further  delay.  We  feel 
confident  about  our  abilities  to  complete  the  proposed  work  in  the  time  period  remaining  and  we  will  do  so  by 
intensifying  our  efforts  in  the  year  ahead  to  make  up  for  mechanical/technical  setbacks  in  the  first  year. 
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